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Abstract 
In the western society, people often experience conflicting feelings towards their goals 
and desires. Many temptations that we face have to be resisted to prevent excessive food 
intake. From daily life and literature, we learn that at some times temptations are more 
difficult to resist than at other times. In the current study, we examined this conflict between 
food goals and food desires, and assessed them in particular reference to the time of the day 
and attractiveness of the food. The 32 subjects of the study completed a recently developed, 
mobile version of the Approach Avoidance Task (AAT). The results suggest that participants 
demonstrate an approach bias towards food, as they were faster to approach food then they 
were to approach objects. The data also revealed that this approach bias for food seems to 
increase during the day. The idea that there is a peek in approach bias towards food around 
lunch- and dinnertime has the important practical implication that around these times, people 
should be less confronted with food cues in order to facilitate adequate food intake during the 
day. The results did not support the expectation that the approach bias increases with more 
attractive food, nor did it support the idea that the increase in approach bias during the day 
would be more pronounced for attractive food than it is for unattractive food.  
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Introduction 
When we look at the food industry in rich industrialized countries, there are two things 
that can hardly go by unnoticed; the abundance of available food and this availability of food 
within close reach (Stutzer, 2007). We have a refrigerator filled at home, a supermarket 
around the corner and gas stations with ready-to-eat food when we are on the road. On the one 
hand, this can be seen as a good thing: because of economic development, there have been 
numerous innovations in food production. This makes it easier to satisfy our food-needs than 
it has ever been. However, the increased availability of food also gives us the practical 
possibility to immediately indulge to our unhealthy appetites. Furthermore, it is not only the 
practical possibilities we have that makes it a challenge to consciously control our food intake 
today. It is also the way in which our body has adapted to food in the past thousands of years 
that makes it difficult to resist food. Over the years, we have developed a system of weight 
regulation, which favors weight gain over weight loss to reduce any future risk of starvation 
(Stutzer, 2007). On top of this, food offers immediate benefits at negligible immediate 
consequences, making it typically tempting. Furthermore, we have a reward system in our 
brain that makes us satisfied after consuming food (e.g. Berridge, 1996; Brignell, Griffiths, 
Bradley & Mogg, 2009; Paslakis et al., 2016).  
The combination of these physical aspects and the present-day accessibility to food 
seem to play a role in regular overconsumption (Kemps, Tiggemann, Martin & Elliot, 2013). 
This regular overconsumption has resulted in the obesity epidemic we see the last couple of 
years in western societies, and is recognized by the World Health Organization as one of the 
top ten global health problems (Kelner & Helmuth, 2003). Overweight and obesity are 
important clinical and public burdens worldwide, since they have health- as well as emotional 
and economical effects on our society (Kelly, Yang, Chen, Reynolds, & He, 2008). To make 
it easier to fight this obesity epidemic, it is necessary to know under which circumstances we 
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are easily tempted by food stimuli, and under which circumstances we are better at resisting 
food. When we are aware of these circumstances, we can consciously take action when we 
face them. Accordingly, we can avoid the circumstances that makes it difficult to avoid food, 
and create circumstances that makes us better at resisting them. 
In related studies, the terms stimulus, desire and impulses are used in various ways. 
For this reason, we first define how the terms are used in this study. Throughout the study, the 
term ‘stimulus’ will specially refer to an external thing or event that might evoke a reaction in 
someone. We define ‘a desire’ as a strong feeling of wanting to have or to do something 
(Hofmann, Baumeister, Förster & Vohs, 2012). We assume that desires emerge from within, 
but develop from the interplay of triggering conditions in the environment (Hofmann et al., 
2012). Desires vary in strength and therefore in their potential to influence our reaction. Last 
of all, ‘impulses’ refer to behavioral and automatic responses that result from the interaction 
between a desire and an activating stimulus, for example, when a hungry person sees food and 
feels an impulse to eat it (Baumeister, 2002).   
As we previously stated, there seem to be circumstances in which we are better in 
resisting temptations than in other circumstances. Clearly, we do not always give into 
temptations: we do not always eat when there is food in the environment (Mischel, Cantor & 
Feldman, 1996). A commonly used approach in explaining what makes people more or less 
resistant to food stimuli is considering these fluctuations as a matter of self-control. When we 
have enough self-control, we are capable of restraining from food stimuli (Mischel et al., 
1996). However, when self-control is low, food stimuli can be harder to resist. When we are 
repeatedly exposed to food desires, we might face self-control problems (Stutzer, 2007). For 
example, when someone resists a cookie (i.e. stimulus) because he wants to eat healthy (i.e. 
the goal), this person will act on his self-control and it will therefore decrease. When self-
control gets too low, we might give in to the temptation of the cookie and eat it anyway. 
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Whereas the food domain has the focus in this study, it is important to realize that it is not 
only in the food domain where self-control is needed. Any time an individual inhibits, 
overrides or changes a behavior, urge, emotion or thought to reach a goal or follow a rule, 
self-control is required (Muraven & Baumeister, 2000; Tangney, Baumeister & Boone, 2004; 
Webb & Sheeran, 2003). Accordingly, individuals who have more self-control are more likely 
to succeed in the task where self-control is needed than individuals lower in self-control 
(Muraven, Collins, Shiffman & Paty, 2005). 
Although self-control seems to be the key to successfully accomplishing our goals, it 
apparently does not always work as well as we want it to (Tangney et al., 2004). Failure of 
self-control is central to the problem of obesity, but also to many other worldwide problems, 
like substance abuse, violence, gambling and unplanned pregnancies (Hagger, Wood, Stiff & 
Chatzisarantis, 2010). The origin of these problems lies within the conflict between the goal 
and the desire. The goal is different from the desire, resulting in a conflict between them 
(Baumeister, 2002). Our self-control helps us to stick to the goal. However, when under 
certain circumstances, our self-control is low; we cannot resist the temptation of the desire 
anymore and might fail to follow the goal. To make this relatable to the obesity problem we 
mentioned earlier, we apply this idea to the food domain. When there is a conflict between the 
food goal (i.e. to eat healthy), and the food desire (i.e. to fulfill sugar cravings), self-control 
plays a role in helping us to follow the goal. However, once self-control has decreased due to 
certain circumstances, this can result in giving in to the desires of eating unhealthy, sugary or 
fatty food. There is no clear-cut theory yet what makes us to give in to these tempting food-
desires at times, whereas at other times, we are able to resist those (Fishbach & Shah, 2006). 
In this study, we are interested in the dynamics of this conflict between food goals and food 
desires. We are furthermore aiming to find out what makes it more difficult to resolve this 
conflict this daily life. 
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There might be changes in this food related conflict during the day, as hardly no one 
gets up in the morning and breaks their diet. It is late at night that people sneak to the fridge 
and indulge to their temptations. Indeed, from research we learn that goals and impulses often 
conflict and that this may vary throughout the day. Hofmann, Vohs and Baumeister (2012) 
found that people become more vulnerable to succumbing to impulses that arise later in the 
day to the extent in which they resisted earlier desires. This explanation can be based on the 
self-control strength model of Baumeister, Heatherton and Tice (1994). They found that self-
control plays a role in supporting our goals, but is a limited resource and is restored rather 
slowly. After exertion of self-control, individuals are lower in self-control and remain so for 
some time (Baumeister et al., 1994; Muraven et al., 2005; Webb & Sheeran, 2003). Self-
control can be exerted by cognitive workload, resisting desires and (effortful) decisions we 
make throughout the day. This results in lower self-control in the end of the day (Hagger et 
al., 2010; Vohs et al., 2005). Another indication that makes it evident that the conflict 
between goals and impulses can change as the day goes by, is that self-control seems to be 
linked to physical tiredness (Baumeister, Bratslavsky, Muraven & Tice, 1998), and that the 
primary way of regaining lost self-control is through sleep (Baumeister, 2002; Muraven et al. 
2005). Because of the slow restoration and our limited amount of self-control, our early use of 
self-control influences our self-control later that day, by making us tired and less successful in 
resisting impulses (Hofmann et al., 2012). This might explain the rare failure of achieving 
goals in the morning, and it becoming increasingly likely as the day ends. This theory is 
important to keep in mind when addressing the obesity problem, as there seems to be a link 
between a decrease in self-control and overconsumption.  
As we use some studies from Baumeister and literature based on his theoretical 
framework, we think that at this point, it is worth mentioning that we are aware of replication 
failures of Baumeisters’ original studies (Hagger et al., 2016). However, Inzlicht and 
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Schmeichel (2012) further refined the self-control strength model of Baumeister, which 
makes it still relevant for this study. They state that self-control is not limited, but it only 
seems like it. After resisting a cookie (i.e. the desire) and thus acting on our self-control, there 
is a shift in motivation and attention. If we resist the first cookie, we may experience a shift in 
motivation in a way that we feel justified in spoiling ourselves later. The attentional shift 
makes us to pay more attention to cues that signal some kind of reward (‘the cookie is 
delicious’), and pay less attention to cues that signal the need for self-control (‘the cookie 
makes me fat’) (Inzlicht, Berkman & Elkins-Brown, 2016; Milkman, Rogers, & Bazerman, 
2008). Note that both the self-control strength model and the refined model predict a decrease 
in self-control after doing tasks with high cognitive load, but their explanation is different. 
This thus does not make any difference for our line of reasoning. After a decrease in self-
control, we are less likely to follow our goals and more likely to give in to subsequent 
impulses. 
The conflict between food desires and food goals thus seems to fluctuate during the 
day. The study of Hofmann and his colleagues (2012) was one of the firsts to confirm that this 
phenomenon exists in daily life, but not a lot of other empirical research has been done on this 
yet. The majority of research on these kind of conflicts took place in laboratory settings 
(Hagger et al., 2010; Muraven et al, 2005). One of the reasons for this might be that tasks to 
measure the conflict between a goal and desire are difficult to implement in the field. One 
example of a task that is difficult to implement in the field is the classical approach-avoidance 
task (AAT), designed by Solarz in 1960. In this task, participants have to push and pull cards 
with pleasant and unpleasant words (the stimuli) on a moveable stage. In Solarz’ original 
study (1960), the reaction times of the responses to these pleasant and unpleasant words were 
measured. Results show that pleasant words (i.e. the positive stimuli) foster approach 
behavior, whereas unpleasant words (i.e. the negative stimuli) facilitate avoidance behavior. 
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This means we are faster to approach positive stimuli than negative stimuli and being faster to 
avoid negative stimuli than positive stimuli. This difference in reaction times is what we call 
an approach bias (Chen & Bargh, 1999). The common principle in approach-avoidance tasks 
is that the participants’ speed in the task depends on the compatibility between the task and 
the valence of the stimulus (De Houwer, 2003). If in a task, the required response (i.e. 
approach or avoid) and the valence of the stimulus are compatible (i.e. approaching positive 
stimuli and avoiding negative stimuli), we call it a congruent task. Opposite, in incongruent 
tasks, the required response and the stimulus are incompatible (i.e. approaching negative 
stimuli and avoiding positive stimuli). In incongruent tasks, reaction times of people are 
relatively slower than reaction times in congruent tasks (Rinck & Becker, 2007). We can 
attribute this to the internal conflict that takes place between the goal and desire in 
incongruent tasks. The goal (i.e. to follow the incongruent instructions) differs from the desire 
to respond in a congruent way (i.e. to approach positive stimuli and to avoid negative stimuli), 
(Solarz, 1960). We use the AAT in this food-related study, because in this domain, the goal 
and desire often conflict (Baumeister, 2002). The AAT makes this internal conflict 
measurable (Rinck & Becker, 2007). On one hand, in real life food captures attention and 
triggers an appetitive response, creating an immediate – and often unconscious – desire to be 
close to food (Heatherton & Wagner, 2011). On the other hand, the personal goal might be to 
stay away from food. 
The AAT thus seems to be a suitable task for the purpose of this study, but as already 
mentioned, it is difficult to implement this task in the field due to the stationary nature of the 
devices. After all, a response device like a moveable stage (Solarz, 1960) or joystick (Rinck & 
Becker, 2007) are not easily transportable for testing in peoples’ natural environment. 
However, the recently developed Mobile AAT gives us this opportunity, since it is adapted to 
run on regular smartphones (Zech, 2015). The Mobile AAT is an application (app) through 
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which approach and avoidance tendencies towards food can conveniently be measured in 
peoples’ natural environment, without involvement of researchers or a laboratory setting. This 
new way of carrying out the AAT in the field perfectly supports the purpose of this study. Not 
only makes the mobile AAT measurements throughout the day possible, but the movements 
are also much more natural than movements in other AAT versions (e.g. Rinck & Becker, 
2007). The use of a mobile phone as device makes the participant physically move the 
stimulus away or towards themselves, and there is no intermediate step of moving a device 
(Zech, 2015).  
As the mobile AAT seems to be particularly suitable for measuring approach biases in 
daily life, and time of the day seems to have an influence on the approach bias towards food 
(Hofmann, 2012), this instrument perfectly fits the needs of this study. In the mobile AAT, 
food stimuli are presented to the participants. They have to approach or avoid the stimuli by 
respectively bending or extending their arms and in this way pull the stimulus towards 
themselves or push them away. Considering it is advantageous to quickly approach food from 
an evolutionary perspective (Stutzer, 2007), and food triggers an appetitive response that 
gives us the immediate desire to be close to food (Heatherton & Wagner, 2011), we reason 
that people are faster to approach food than they are to approach objects. This leads us to the 
first hypothesis: Participants are faster to pull (i.e. approach) food stimuli towards 
themselves than they are to pull non-food stimuli towards themselves (hypothesis 1). This 
difference in reaction times is also known as the food approach bias. Food approach biases are 
thought to be at heart of (unwanted) cravings and overconsumption (Kemps et al., 2013). By 
studying them, we hope to get a more comprehensive understanding of the underlying 
mechanisms causing obesity.  
When there is a conflict between the goal and desire, some sort of interference is 
necessary to solve this conflict and eventually follow the goal (Hofmann et al., 2012). 
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Theoretically, the time it takes to solve this mental conflict, can be seen as if it is mediated 
through self-control. Accordingly, when self-control is high, we are fast in approaching goal-
related stimuli and avoiding impulses or desire-related stimuli (Phaf, Mohr, Rotteveel & 
Wicherts, 2014). Vice versa, we are slower in approaching goal-related stimuli and avoiding 
desire related stimuli when self-control is low. Our limited resource of self-control is depleted 
during the day due to cognitive processes (Hagger et al., 2010; Vohs et al., 2005). We put our 
goals to the background and desire strength increases (Hofmann et al., 2012), which results in 
longer conflict-solving times to eventually follow the goal. This line of reasoning leads us to 
the second hypothesis: There is an increase in general food approach bias during the day 
(hypothesis 2). It is important to note here, that in this study, the conflict that emerges is 
between an artificial goal and desire. The artificial goal is to follow the instructions, and we 
create this artificial goal since actual food goals might be different for every participant. The 
desire to approach food (according to the general approach bias) makes it more difficult to 
follow this artificial goal.   
Up to this point, we have focused on time of the day as a factor that might influence 
our response behavior towards food. While time of the day is an objective factor that changes 
in the same way for everyone, there might also be subjective factors influencing our behavior 
towards food. These subjective factors are different for everyone and could help us in 
explaining when we hold on to our goals and when we give in to our desires more easily. The 
extent to which we find food attractive might be one of these subjective factors. From 
literature on obesity, we learn that attractiveness is one of the things that may contribute to a 
higher desire to eat (Cornell, Rodin & Weingarten, 1989) and to an increased food 
consumption (Fedoroff, Polivy & Herman, 1997; Polivy, Herman, Younger & Erskine, 1979; 
Kemps & Tiggemann, 2015), even when we are already satiated (Cornell et al., 1989). In the 
western society, we are frequently confronted with attractive food cues: on the streets, on 
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television, in supermarkets, practically everywhere we go. This abundance of attractive food-
stimuli in our environment makes it difficult for us to restrict our calorie intake (Stutzer, 
2007; Polivy, Herman & Coelho, 2008). In the current study, participants will be asked to rate 
food stimuli on attractiveness. People appear to be more responsive towards attractive food 
stimuli (Brignell et al., 2009; Hou et al., 2011) then they are to non-attractive food, and we 
tend to approach attractive food faster than we are to avoid it (Brignell et al., 2009; 
Brockmeyer, Hahn, Reetz, Schmidt & Friederich, 2015). These results lead to the following 
hypothesis when looking at the effect of attractiveness on the food approach bias: the more 
attractive the food-stimulus is rated by the participant, the bigger the food approach bias 
towards this particular stimulus is (hypothesis 3). 
Until now, we have discussed the influences of time of the day and attractiveness of 
the food stimulus as factors on their own. Besides the simple effects, we also expect there to 
be a combined influence of these two factors, which will influence our responses towards 
food stimuli in a different way. As already mentioned, we expect the approach bias to increase 
for attractive food (hypothesis 3), (e.g. Brignell et al., 2009). Furthermore, we expect this 
increase in approach bias to be more pronounced when our self-control is low by the end of 
the day, since attractive food is far more desirable than unattractive food (Fedoroff et al., 
1997). This increase in desire-strength makes it more difficult to follow the artificial goal (i.e. 
following the task instructions), leading to an increase in time to resolve the conflict between 
the artificial goal and desire. This leads to the following hypothesis: the relationship between 
the general food approach bias and time of the day is stronger for attractive food than it is for 
unattractive food (hypothesis 4).  
Besides attractiveness of food and time of the day, research shows that hunger is 
another motivational factor that influences people’s responses to food (Brockmeyer et al., 
2015; Nijs, Frank & Muris, 2010; Seibt, Hafner, & Deutsch, 2007). Seibt and collegues 
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(2007) show that hungry individuals are four times faster in approaching food then satiated 
individuals are. Because hunger potentially influences our responses to food stimuli, this 
factor will be added as a covariate in the current study.  
The main goal of the present study is to assess the dynamics of the conflict between 
our food goal and food desires throughout the day; are we more prone to giving in to our 
desires later in the day? Moreover, we investigate to what extent the attractiveness of the 
stimulus influences this conflict. The current research may help to understand the 
psychological basis of eating and in particular, overeating. More insights in the underlying 
constructs of self-control concerning food consumption and dieting may result in both more 
effective prevention campaigns and interventions for overweight people.  
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Method 
Participants 
In this study, 32 participants (26 female and 6 male) between 18 and 26 years (M = 
21.4, S.D = 2.6) participated. The participants were recruited by using flyers in buildings of 
Leiden University and word-of-mouth advertising. After completing the experiment, 
participants either received a monetary reward of €20, - or six credits for their participation.  
Research Design 
  This field study had a within-subjects research design, in which every participant 
completed an introduction session, three AAT-sessions at different times of the day and a 
final session. The study was conducted with a smartphone app, which contained the mobile 
AAT. In this study, the dependent variable was the reaction time. The independent variables 
were time of the day, attractiveness of food, response (push or pull) and stimulus type (food or 
object). Because hunger seemed to potentially influence our responses to food stimuli, this 
variable was added as a covariate in the model. In total, the five sessions took up to 
approximately 150 minutes distributed over the five sessions. 
Dependent variable. The dependent variable in this study was reaction time. Reaction 
times (RT) were measured in milliseconds. The RT is the time between stimulus presentation 
and movement onset.  
Independent variables. The independent variables in this study are time of the day, 
attractiveness; response (pull vs push) and stimulus type (object vs food). The effect of the 
time of the day was assessed by measuring RT in the morning, at noon and at dinnertime, and 
measured on a continuous decimal scale, ranging from 0 to 24. Attractiveness was assessed by 
a picture-rating task of the visual stimuli on a five-point scale ranging from one (not attractive 
at all) to five (very attractive). A more detailed description of the visual stimuli set that was 
used, can be found in the paragraph ‘Stimulus set’. The two independent variables response 
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and stimulus type were used in order to calculate the general approach bias towards food (see 
‘Analysis per hypothesis’ section how this was done). Both the variables response and 
stimulus type varied per trial. The variable response could be either push or pull; the variable 
stimulus type could be either food or object.  
Counterbalancing conditions. We have taken several measures to counterbalance for 
any differences that may have existed due to the order of the tasks. We did this by setting up 
24 counterbalancing conditions. Every new participant was assigned to the condition with the 
least participants. When there was more than one condition with the least participants, the 
participant was assigned to one of these conditions randomly. The experiment took up to 
either 2 or 3 days, depending on the condition the participant was assigned to. The 
participants who started the experiment with lunch or dinnertime needed the third day to 
complete the second and/or third AAT session and final session. 
 The participants were distributed over the different counterbalancing conditions 
relatively equal, and resulted in the following distributions. To start with, fifteen participants 
(46.9%) started in the morning, seven participants started at lunch (21.9%) and ten 
participants (31.3%) started the task at dinner. This could have been either before or after the 
meal. The trials were evenly distributed over the different times of the day, namely 32.2% of 
the trials were completed before or after breakfast (M = 8.34, SD = 0.10, N = 3363), 34.4% of 
the trials were completed around lunch (M = 12.27, SD =1.21, N = 3591), and 33.4% of the 
trials were completed before or after dinner (M = 17.69, SD = 1.26, N = 3487). The means 
represent the average time for the breakfast, lunch and dinner trials. The average time for the 
morning trials was 08:20 AM, the lunch trials were completed at 12:16 PM on average, and 
the average time for the dinner sessions was 17:41 PM, which are appropriate times for Dutch 
meals. Second, we counterbalanced for the fact that people are generally hungrier before a 
meal then after a meal. In total 93 sessions were completed, from which 46 (49.5%) sessions 
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were completed before a meal, and 47 (50.5%) sessions were completed after the meal. Third, 
the order of the tasks (first incongruent task or first congruent task) were counterbalanced to 
control for any learning effects that might have taken place (Klein, Becker & Rinck, 2011). 
Last but least, there were 38 sessions where the participant started with a pushing task 
(40.9%), and there were 55 sessions where the participant started with a pulling task (59.1%). 
An overview of all counterbalancing conditions can be found in Appendix A. 
Procedure 
The entire experiment was conducted with a smartphone app; participants were only 
asked to come to the laboratory for the collection of their reward and the debriefing. The 
experiment started when the participant downloaded the app on their phone. Once the app was 
opened, the participant started with the introduction session. After this introduction session, 
the participant was asked to schedule the three mobile AAT-sessions in his agenda in such a 
way that he received a notification when he was in the right time slot to start the session. Once 
the participant did this, the participant could start with the first mobile AAT session the next 
day. After each mobile AAT session, the participant completed the Attractiveness Rating 
Task. Once the participant completed the three mobile AAT sessions, the final session 
unlocked. A detailed description of each session can be found in the paragraph ‘Application’ 
in the ‘Materials and Measurements’ section.  After completing the final session, participants 
were asked to make an appointment with the experimenters in the lab. During this lab-session, 
Body Mass Index (BMI) measurements were taken for the purpose of a different study and the 
participant received their credits or monetary reward and got a debriefing. This lab-session 
was the only eye-to-eye contact between the experimenter and participants. Prior to starting 
the experiment, the ethical commission of Leiden University has approved the study. 
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Materials and Measurements 
  Application. The application (app) used in this study could be downloaded from the 
Google Play store, for smartphones running on Android. The application is designed 
especially for the purpose of this study and was used to assess the participants throughout the 
day. On the home screen of the app, participants saw an overview of the five different 
sessions, including the sessions they had completed with checkmark, and the ones they still 
had to do without a checkmark (see Appendix B, figure B1). Doing the first (introduction) 
session was mandatory to pursue with the experiment and was already unlocked the first time 
participants opened the app. After the introduction session, three mobile AAT sessions had to 
be completed. Each participant had to complete a breakfast, lunch and dinner session, and the 
sessions had a time-slot in which they had to be completed. The breakfast session was open 
from 5:00 AM until 11:00 AM, the lunch session from 11:00 AM until 16:00 PM, and the 
dinner session was open from 16:00 PM until 00:00 AM. The final session could only be 
opened and completed after the previous four sessions were completed. What happened 
during each session in the application is described below. 
  Introduction session. The first session in the app was the introduction session. First, 
participants were asked to write down our email address and their participant number, so they 
could contact us to make an appointment for the distribution of their reward and for the BMI 
measurement. Our email address could also be used for any other questions or 
recommendations. Second, participants had to agree to the informed consent and the 
demographic questionnaire had to be completed. Third, the AAT instructions including 
instruction videos were shown (see Appendix B, figure B2). After this, participants could start 
with the AAT practice trials. What a (practice) trial exactly is, is described in the paragraph 
‘Mobile Approach Avoidance Task’. Participants had to complete 14 AAT practice trials 
correctly, after which an explanation on the screen appeared on what would happen next. 
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Once participants clicked on ‘next’, they went back to the home-screen, and they would now 
see a checkmark next to the introduction session button (see Appendix B, figure B1). This 
checkmark showed the participant that the session had been completed, which was necessary 
to unlock the first mobile AAT session. The session got unlocked when the participant was in 
the correct time-slot.  
  Mobile AAT sessions. The next three sessions were the mobile AAT sessions. The 
mobile AAT sessions were the sessions where the participant did the actual mobile Approach 
Avoidance Task, and we thus measured their reaction times. Again, how this task is executed, 
is described in the paragraph ‘Mobile Approach Avoidance Task’. In each of the three mobile 
AAT sessions, participants had to complete 120 trials, with both food and non-food stimuli. 
Each session was divided into two blocks of 60 trials, and after each 30 trials, participants 
could take a break. After each block, the instructions of the task changed (see section ‘Mobile 
Approach Avoidance Task’ below). To ensure that every participant understood the new 
instructions correctly, they had to complete 10 practice trials before starting a new session. In 
the AAT trials, we measured the reaction times to calculate the general approach biases 
towards food for every participant in every condition (see ‘Analysis per hypothesis). After 
each of these three sessions, participants had to fill in the hunger rating questionnaire.  
  Final session. After finishing the third mobile AAT session, the last session of the app 
got unlocked. Participants executed the picture-rating task and fill in the Power of Food Scale. 
The final step in the experiment for the participants was to contact the researchers to make an 
appointment to come to the lab. During this appointment, the participants could collect their 
reward, and we took their BMI measurements. The BMI- measurements, as well as the data 
from the Power of Food scale were collected for the purpose of a different study. 
Furthermore, we asked the participants how they did the task, to make sure they understood 
the instructions and participants were debriefed during this session.  
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 Mobile Approach Avoidance Task. The mobile Approach Avoidance Task (mobile 
AAT) exists of a few sets of trials to measure approach and avoidance tendencies towards 
visual stimuli.  In these trials, the reaction time (RT) is the time in which the participants 
started pushing (i.e. avoid) or pulling (i.e. approach) their mobile phone after presentation of 
the stimulus. The task (i.e. one trial) for participants is to either reduce (i.e. approach/pull) or 
increase (i.e. avoid/push) the distance between themselves and the stimuli. Between trials, 
participants were asked to put their arms back at a comfortable starting position from where 
they could easily push and pull the phone (see Figure 1, Zech 2015). After the first block of 
trials, the instructions changed from congruent to incongruent or vice versa, depending on the 
counterbalancing condition of the participant. The congruent task consisted of approaching 
the food stimuli by reducing the distance between the self and the stimulus (i.e. pull) and 
avoiding the non-food stimuli by pushing the phone away (i.e. push). For the incongruent 
task, participants were asked to push food-stimuli away, and pull non-food stimuli towards 
themselves. During the experiment, participants had to complete practice trials as well as 
experimental trials of the task. The difference between these practice trials and the 
experimental trials is that during the practice trials, the participants received feedback by 
means of a green or red screen. The green screen meant instructions were followed correctly; 
the red screen meant the instructions were followed incorrectly. During experimental trials, 
participants did not receive any feedback.  
 
Figure 1: The neutral position (left), the position after an approach movement (middle) and 
position after an avoidance movement (right) during the mobile AAT (Zech, 2015)   
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  Stimulus set.  The pictures of food and objects that were used in the mobile AAT 
came from the food-pics database (Blechert, Meule, Busch & Ohla, 2014). This food-pics data 
set comprises a large variety of foods and non-foods, together with detailed data on the image 
characteristics, food contents and normative ratings (i.e. recognizability and subjective ratings 
on liking and palatability). This makes the data set useful for experimental research on eating 
and appetite (Blechert et al., 2014). To decide which food-stimuli we wanted to use in the 
study, we first selected the food stimuli that were easily recognized by participants in the 
study of Blechert and colleagues (2014). From these highly recognizable food stimuli, we 
made a division in high and low craved food (i.e., how much a person craves the depicted 
food) and divided these in healthy and unhealthy food as well. We made these divisions on 
basis of results from the study of Blechert and colleagues (2014). The highly recognizable 
stimuli were thus divided into four groups (i.e. high craved healthy food, high craved 
unhealthy food, low craved healthy food and low craved unhealthy food). From these four 
groups, we selected an equal number of stimuli. In this way, the stimuli set contained different 
kinds of stimuli. This makes the result more generalizable, since we wanted to assess the 
approach bias towards food in general, and not only towards one kind of stimulus. The stimuli 
the participants saw were randomly selected by the app. Next to food-stimuli, the dataset also 
included object-stimuli. One might ask why we used object-stimuli in our stimulus set. The 
reason for this was to minimize the main effect of movement direction, since people might 
always be faster to pull stimuli than they are to push them (Geyskens, Dewitte, Pandelaere & 
Warlop, 2008; Kemps et al., 2013).  
  Attractiveness rating task. Participants were asked to rate the attractiveness of the 
food and object stimuli, on a five-point scale. The ratings ranged from one (not attractive at 
all) to five (very attractive). The rating task entailed the following question for every food 
stimulus and object stimulus respectively: “How attractive do you think this food/object is?”  
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  Demographic questionnaire. Before the start of the experiment, participants were 
asked to fill out a demographic questionnaire including questions about age, gender, and 
study/occupation.   
  Hunger ratings. After each AAT-session participants were asked to rate their feelings 
of hunger on a five-point scale ranging from 1 (not hungry) to 5 (very hungry). The hunger 
rating variable was used as a covariate, because they might have influenced the participants’ 
responses towards food.  
Exclusion criteria 
Since reaction time data is relatively sensitive for errors (Heathcote, Popiel & 
Mewhort, 1991), we provided rules for excluding trials, sessions or participants. First, 
erroneous trials were excluded from the statistical analysis. A trial was defined as erroneous 
when an incorrect response was given, there was no response at all, or the reaction time was 
shorter than 200 milliseconds. The reason we excluded those trials is that it is very likely that 
these small reaction times were caused by too quick responses of the participant (for example 
when the participant did not pay attention to the stimuli). We excluded a session when it had 
more than 20% error trials. Then, we looked at the total amount of completed sessions of the 
participant. When excluding the trials and sessions meant the participant had completed less 
than 1 session, we excluded the participant from the experiment.  
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Results 
To examine the effects of time of the day and attractiveness on our approach bias 
towards food, we executed a Mixed Model Analysis in SPSS. The advantage of this analysis 
(compared to a simple regression analysis), is that we can have fixed, as well as random 
effects. It allowed us to shift the intercept of each participant up and down. This immediately 
controls for the fact that the assumption of independent observations was violated. We have a 
repeated-measure, within-subjects design, meaning we assessed the same participants at 
different times of the day. This also means the reaction times within the participants are 
dependent; some participants have faster initial reaction times than others have. It is important 
to control for this, since we are not interested in the intercept of each participant. We are 
rather interested in how these reaction times change throughout the day and how they change 
when we rate the food as more or less attractive. Being able to shift the intercept point had the 
advantage that we had less error, since we included the random effect of the participant. To 
check whether our data was suitable for answering our research questions, we first executed a 
preliminary analysis and checked assumptions. The alpha levels for all hypothesis tests were 
set at 0.05.  
Preliminary analyses. 
Preparation of dataset. Before analyzing the reaction times, the dataset was prepared 
in a particular way. First, the erroneous trials and sessions were excluded when they did not 
follow our rules for inclusion, which are described in the section ‘exclusion criteria’. This 
resulted in excluding 13.1% of the total amount of trials. For the remaining trials (N = 
10441), the reaction times were inverted and multiplied by 1000. The reason the reaction 
times were inverted, is that reaction time data is generally skewed to the right (Heathcote et 
al., 1991). By inverting the RT, the data becomes normally distributed. This also has its 
consequences for the interpretation of the outcome values. Whereas a longer reaction time 
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normally means the participant is slower, a longer inverted reaction time means the 
participant is faster. The outcome value is the amount of trials that can be completed in one 
second. Moreover, we centered and scaled the variables hour, rating and hunger for the mixed 
models regression analysis. We did this by subtracting the mean from all the scores and 
dividing them by their standard deviation. This resulted in values that are easier to compare 
and interpret in the analysis (Field, 2009, p. 740).  
Assumptions. Before running the mixed models regression and factorial ANOVA’s in 
SPSS, the data was screened for outliers and violations of assumptions. To check whether the 
reaction times were normally distributed after inverting them, a Kolmogorov – Smirnov test 
was executed. According to this test, the inverted reaction times were still significantly 
different from a normal distribution, D (10441) = 0.35, p < 0.01. However, for such large 
amounts of trials like in our dataset, these numbers should always be interpreted in 
conjunction with a histogram and Q-Q plot (Field, 2009, p. 148). When we examine these, the 
distribution looks approximately normal (M = 2.36, SD = 0.63), see Appendix C. 
In the current study, the violated assumption of independent errors was resolved by 
using a mixed model regression; we shifted the intercept of each participant and therefore 
controlled for the fact that the errors are dependent. To assess whether multicollinearity was a 
problem in our sample, we examined the tolerance and the Variance Inflation Factor (VIF). 
The tolerance was greater than 0.1 (1) and the VIF exactly 1, suggesting multicollinearity was 
not a problem in our sample. A histogram and normal probability plot of the errors showed us 
that the errors are normally distributed; the assumption of normally distributed errors has not 
been violated. To check the other assumptions, we did an exploratory analysis on the 
residuals. By means of a residual plot and statistics, we checked whether the residuals were 
independent and whether they were systematically different from the model. The Durbin-
Watson statistic was computed to evaluate the independence of residuals. The value of the 
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statistic was 1.113, which is considered acceptable (Field, 2009, p. 220). When looking at the 
plot of the residuals against predicted values, we see that the dots are evenly distributed 
around the zero, meaning there are no signs of heteroscedasticity in the data. This plot also 
indicated linearity in the data; the data was equally distributed in a horizontal manner. One 
other assumption for multilevel linear models specifically, relates to the random coefficients. 
When we looked at our random intercepts model, we saw that the coefficients are normally 
distributed around the overall model. The residuals thus did not affect any of our analysis and 
all assumptions had been met.  
After executing an exploratory analysis, we found a few outliers (i.e. scores at least three 
error standard deviations away from the group mean). However, when checking the Cooks 
distance, we saw that there was a maximum value of 0.003, which is far lower than 1. This 
implies the outliers do not have a substantial influence on the model and therefore there is no 
reason to remove them (Field, 2009, p. 245). 
Analysis per hypothesis.  
By means of a mixed model regression and factorial ANOVA’s, we tested the 
literature-based hypotheses that were drawn up. In this way, we assessed the influence of time 
of the day and attractiveness of the food on the general food approach bias. After checking the 
assumptions, we ran the overall model with a mixed model regression, with the following 
regression model: RT ~ response * stimulus type * time of the day * attractiveness * hunger. 
An overview of the results of the mixed model regression can be found in Appendix D. 
After significance testing, we did a separate factorial ANOVA per hypothesis to make 
interpretation easier and to take a closer look at the direction of the effect. This made it 
possible to compare means and to look at the direction of the effects, making the analysis 
more accurate. Before we could compare the means, we had to calculate the food approach 
bias. We did this by calculating the average reaction time it took participants to pull food, 
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push food, pull objects and push objects. The difference in average reaction time for pulling 
and pushing objects was subtracted from the difference in average reaction time for pulling 
and pushing food. The outcome is what we call the food approach bias (i.e. food approach 
bias = (RT push food – RT pull food) – (RT push objects – RT pull objects)). The results per 
hypothesis are described below.   
Hypothesis 1.   We first checked the hypothesis whether the participants in our sample 
showed a general approach bias towards food. We did this by looking at the interaction effect 
between response and stimulus type. This appears to be significant, F (1, 10223) = 53.87, p < 
0.001, b = 1.952e-01. This suggests the effect of response on inverted reaction time differs 
per stimulus type. 
Looking at the results of the factorial ANOVA gave us an idea about the direction of 
this significant interaction. In Figure 2, we demonstrate that the difference between pushing 
and pulling food is much more salient than the difference between pushing and pulling 
objects. Participants are faster to pull food towards themselves, (M = 2.51, SE = 0.01) 
compared to pushing it away (M = 2.33, SE = 0.01).  
Figure 2: Inverted reaction times plotted by stimulus 
type and response 
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However, participants are not significantly faster to pull objects towards themselves 
(M = 2.24, SE = 0.02), than they are to push objects away (M = 2.26, SE = 0.02). This is in 
line with our expectations; there seems to be a general approach bias towards food in our 
sample and this can be detected by the mobile AAT. 
Hypothesis 2. For the second hypothesis, we looked at the interaction between 
response, stimulus type and time of the day (RT ~ response * stimulus type * time of the day). 
Results show a significant interaction effect. Time of the day thus seems to predict the general 
approach bias towards food, F (1, 10223) = 6.77, p = 0.009, b = 7.580e-02.  
 
To get an idea about the direction of this effect, we plotted the general food approach bias 
with hour of the day (see Figure 3). Overall, we can indeed see an increase in reaction times 
during the day. To make interpretation of this line easier, we compare the food approach bias 
of the three moments of the day, namely breakfast. lunch and dinner (see Figure 4). We see 
that the food approach bias is significantly lower at breakfast (M = 3.36, SE = 10.16) 
Figure 3: General Food Approach Bias plotted by hours of the day 
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compared to the FAB at lunch (M = 74.08, SE = 9.08) and at dinner (M = 49.03, SE = 7.68). 
However, we see that there is no general increasing trend here; around lunchtime, the food 
approach bias seems to be the highest. 
 
These results confirmed our expectations of an increased general FAB during the day; 
people seem to be faster in approaching food in the end of the day then in the beginning of the 
day.  
  Hypothesis 3.  To test whether the general food approach bias is stronger for attractive 
food than for non-attractive stimuli, we examined the variable attractiveness in the following 
model: RT ~ response * stimulus type * attractiveness. The results suggest there is no 
significant effect, F (1, 10223) = 0.425, p = 0.514, b = 1.834e-02. This means there is no 
difference in general food approach bias when the stimuli is rated as more or less attractive.   
Figure 4: General food approach bias plotted by 3 moments of the day. 
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Hypothesis 4. To test the last hypothesis on whether there is an interaction effect 
between time of the day and attractiveness, we looked at the complete model: RT ~ response 
* stimulus type * time of the day * attractiveness * hunger. Based on literature, we expected a 
stronger relationship between food approach bias and time of the day when the stimulus is 
rated as more attractive. The interaction between these variables is not significant, F (1, 
10223) = 0.181, p = 0.67, b = -1.653e-02. This suggests there is no more pronounced general 
food approach bias in the end of the day when the food is rated as more attractive.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
FOOD APPROACH TENDENCIES IN THE FIELD  29 
 
 
 
 
Discussion 
The present study investigated approach behavior in the food domain during the day. 
The goal was to investigate the effect of time of the day and attractiveness of food on our 
approach behavior towards food. This study is among the firsts that extends previous research 
on the mobile AAT (Zech, 2015). In this research, 32 individuals between 18 and 26 years old 
were asked to pull and push food and object stimuli at different times of the day, and we 
measured their reaction times to do this. We assessed these reaction times for the different 
times of the day and for food stimuli with different attractiveness ratings. First, the most 
important findings and the implications of this research will be discussed. To conclude, we 
will discuss limitations of the study and suggestions for further research. 
Following the findings from the literature, we expected that people would show a 
general approach bias towards food (hypothesis 1). The results suggest that this is indeed the 
case, meaning people seem to approach food faster than they approach objects. This finding is 
in line with previous findings that we have an evolutionary system that makes it difficult to 
avoid food (Stutzer, 2007), and that food cues in the environment results in an increase in 
attention and cravings towards food (Heatherton & Wagner, 2011). This study is the first to 
examine and detect this approach tendency towards food in the field with the mobile AAT. 
Considering that earlier research from Zech (2015) shows us that the mobile AAT is able to 
detect approach-avoidance tendencies in general, this study teaches us that this method might 
also suitable for measuring approach tendencies towards food specifically. 
Moreover, we expected that this general approach bias towards food would increase 
with time of the day (hypothesis 2). The results of this study show that this hypothesis could 
be confirmed as well. By the end of the day, participants have a larger approach bias towards 
food compared to the beginning of the day. This is in line with the argument we made based 
on literature, namely that an increase in food approach bias could be related to the lower self-
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control level in the end of the day. We reasoned that our self-control decreases during the day 
due to physical and mental tiredness (Hagger et al., 2010; Vohs et al., 2005). This decrease in 
self-control makes it more difficult to follow the goal (i.e. fulfilling the task) and makes us 
more prone to give in to the impulse of approaching food. Accordingly, this resulted in faster 
reaction times towards food stimuli by the end of the day. To ensure that the lower self-
control is driving the effect of a larger food approach bias by the end of the day, self-control 
should be measured independently in future research.  
 Somewhat surprising, we found that there is not a constant increasing line in this 
approach bias when we looked more closely into the food approach biases at different times 
of the day. The largest approach bias for food was found during lunchtime. A possible 
explanation for this result could be that during lunchtime, people are likely to be in a food-
rich environment like a canteen or lunchroom, while during breakfast and dinner people are 
often at home. This has important potential consequences, because people’s behavior with 
regard to their goal and temptations does not happen in isolation, but happens in conjunction 
with their environment (Ferguson & Bargh, 2004; Corr, 2013; Fishbach & Shah, 2006). Some 
environments enhance certain approach or avoidance behavior more than other environments 
(Corr, 2013; Wansink. 2004). We did not take into account the in which participants did the 
mobile AAT, but this might have influenced the food approach bias. In a food-rich 
environment, like a lunchroom or canteen, people have more external food temptations within 
close reach (Stutzer, 2007), resulting in increased cravings, attention and desire to eat 
(Heatherton & Wagner, 2011; Herman & Polivy, 2008; Larsen, Hermans & Engels, 2012). 
The increased availability of food in the participants surroundings during lunchtime, might 
thus have led to the increase in food approach bias. When we took an ad-hoc look into the 
qualitative data of the research, we found that participants indeed did the mobile AAT task in 
different places, like their bedroom, the kitchen, a restaurant, so this might have affected the 
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food approach bias. Future research should look into the effect of the environment on the food 
approach bias in more depth.  
Furthermore, we assessed the food approach bias in relation to the attractiveness of the 
stimulus. We expected that the food approach bias would increase with the attractiveness of 
the stimulus (hypothesis 3), but this hypothesis could not be confirmed. We reasoned that for 
attractive food, approach biases would increase due to our responsiveness towards attractive 
food (Brignell et al., 2009; Hou et al., 2011) and due to our tendency to faster approach 
attractive food than avoiding it (e.g. Brignell et al., 2009). A possible explanation for not 
finding an effect of attractiveness has to do with the way we calculate the food approach bias 
in the current study. For time of the day, the approach bias towards food increases, while the 
approach bias for objects stays the same. The difference between these approach biases causes 
the interaction effect we find. In our line of reasoning, the increase in food approach bias is 
caused by people faster who approach food faster, but do not approach objects faster by the 
end of the day. Food stimuli evoke a tendency to approach, while objects do not (e.g. Phaf et 
al., 2014). However, something different happens when we look at attractiveness. People are 
faster to approach food (Feather, Norman & Worsley, 1998) as well as objects when they are 
more attractive, due to the positive valence of attractive stimuli (Chen & Bargh, 1999). This 
means there might be no interaction effect between the attractiveness and food approach bias 
(i.e. stimulus type and response), but only between attractiveness and response. We might 
approach attractive objects faster than non-attractive objects, just like we approach attractive 
food faster than non-attractive food. This might have resulted in not detecting any effect of 
attractiveness on the food approach bias in the current study. Future research should look into 
this effect, where the influence of stimulus type is taken separately.  
To conclude, we examined the interaction effect of time of the day and attractiveness 
on the general food approach bias. We hypothesized that the increase in food approach bias 
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would be more pronounced for attractive stimuli then it would be for non-attractive stimuli 
(hypothesis 4), but we did not find this interaction effect. This hypothesis was based on the 
idea that the desire to approach attractive food is much stronger than it is for non-attractive 
food (Brignell et al., 2009). We also reasoned that this would especially be the case by the end 
of the day, when our self-control is low, since physical and mental tiredness usually has a 
negative effect on self-control (Baumeister et al., 1994). In terms of a conflict, this would 
mean the difference between what we want (i.e. the desire) and what we need to do (i.e. the 
goal) increases. This would result in longer reaction times to resolve this conflict.  
Our results could not confirm this, but somewhat counterintuitive findings of Van 
Dillen, Papies & Hofmann (2013) can clarify this. They reason that desirable stimuli grab 
people’s attention, but only to the extent that cognitive resources are available to recognize 
the hedonic relevance of (potential) tempting stimuli. As we mentioned earlier, cognitive 
resources are generally lower by the end of the day, meaning that the hedonic relevance of the 
tempting stimuli is less recognized by then. Later in the day, people ‘turn a blind eye to 
temptation’, and the captivating power of tempting stimuli may actually be diminished (van 
Dillen et al., 2013). This explanation can be aligned with the findings of the present study. At 
the end of the day, cognitive resources are lower. Although individuals are confronted with 
attractive stimuli in the mobile AAT, they could not recognize the stimuli as such anymore. 
Temptations weaken, or do not even build up in the first place, and accordingly, the food 
approach bias does not increase. Future research should examine how cognitive load can 
actually help us to restrain from our temptations. Gaining knowledge about this in the future 
can have important implications to simplify resisting temptations in daily life.  
Practical and theoretical implications  
As already mentioned, findings of this study have both important practical and 
theoretical implications for daily life and the research on approach behavior towards food. 
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This study is one of the firsts that uses the mobile AAT and this offers new insights and 
opportunities for new lines of research. The finding that the general approach bias towards 
food increases during the day has the most important practical implication that it can help 
individuals with making decisions that make it easier to restrain from overeating. When 
people know that the time of the day has an effect on their approach behaviour, they can 
adjust their behavior to this. For example, it might be smart to go grocery shopping in the 
morning and not during lunch time or late in the afternoon. In this way, unwanted food 
cravings can be avoided. For dieticians and policy writers, this insight can be used for writing 
effective prevention campaigns and weight-regulation interventions.  
Another implication of the current findings in combination with particularly the use of 
the mobile AAT, is that the mobile AAT can also be used for training purposes in 
interventions that target unhealthy eating behavior. Studies have already shown that training 
participants to push away alcohol cues reduces alcohol approach bias towards those cues and 
leads to an immediate decrease in alcohol consumption (Wiers, Rinck, Kordts, Houben & 
Strack, 2010). This also seems to work in the food domain; a recent study by Kakoschke, 
Kemps and Tiggemann (2017) showed that after AAT training, people have a more negative 
implicit evaluation of unhealthy food than people without training, and trained people 
subsequently made fewer unhealthy snack food choices then non-trained people. New training 
methods with the mobile AAT can be developed to reach more people, even at home. In the 
end, the step to download an app to lose weight is smaller than going to a dietician. In this 
way, more people may profit from treatment and obesity can be reduced worldwide. Using the 
mobile AAT in the field has the additional benefit that the mobile AAT training sessions can 
be done at any time when, and any place where people indulge. For example by the end of the 
day, but also when individuals are in an environment with an abundance of food cues. 
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Training in ‘the heat of the moment’ appears to be the most effective (Kakoschke et al., 2017) 
and the mobile AAT offers numerous possibilities to establish this.   
Limitations and further research 
 Despite this study has relevant practical and theoretical implications, gives us new 
insights on our behavior towards food during the day, and helps us in understanding 
underlying mechanisms in food consumption, it should be noted that this study has some 
limitations. In future research, these should be taken into account to make more accurate 
interpretations. First, the current study uses a relatively small group of participants per 
condition. A small sample can limit the statistical power drastically in such a way that 
detecting effects is much more difficult (Field, 2009). This should be taken into account when 
we interpret the results and in subsequent research, a larger sample is needed to make better 
interpretations. Also, the present findings should be extended in different contexts and 
populations, to make the findings more generalizable. 
 Another limitation of this study with regard to the use of the mobile AAT application 
in particular, is that this recently developed version of the mobile AAT app is still in its 
infancy. This makes it susceptible to errors we might not even know about yet. On the one 
hand, the mobile AAT offers us great opportunities to test participants in their most natural 
environment at different times of the day. On the other hand, doing research in the field 
comes with the disadvantage that we are not able to control variables like the environment as 
closely as with laboratory experiments. Although we made chances of failing small by giving 
clear instructions, crosschecking the instructions with participants, and giving feedback on the 
practice tasks, we will never know how the participant performed the task and whether they 
understood the task completely right. Future research should aim to replicate our results with 
lab studies to cross-validate the results. In addition, further development and fine-tuning of 
the mobile AAT app is something that can make the results more precise.  
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An opportunity for future research is that the error trials can be used to gain insights 
that are more comprehensive. In the current research, we excluded trials when an incorrect 
response was given. However, there are reasons to assume that error rates are not constant 
throughout different situations. To accomplish our goals, we need self-control (e.g. 
Baumeister et al., 1998). Besides the assumption that lower self-control makes it more 
difficult to follow our goal, which results in larger food approach biases, lower self-control 
also makes us more prone to actually give in to our desires (Vohs et al., 2005). This might 
lead to making more mistakes in the tasks where the goal and desire conflict (i.e. the 
incongruent tasks) in the end of the day, compared to congruent tasks in the beginning of the 
day. Future research should thus include a separate analysis of error trials to check for 
systematic differences during the day. In this way we will gain more knowledge about when 
we indulge to our temptations and when we are able to resist them. 
To conclude, for future research it might be interesting to look into self-control as a 
trait. Much of what we discuss in this study, points towards the idea that all individuals start 
with the same level of self-control in the beginning of the day, and this level of self-control 
can decrease through cognitive workload (Hagger et al., 2010; Vohs et al., 2005). However, 
some researchers in this field use a different point of view, namely that self-control is a 
personality trait or skill which some people consistently have more than others (Baumeister, 
2002). Using a trait measure of self-control (e.g. Tangney et al., 2004) could be useful in the 
future to find out how this personal level of self-control relates to our approach behavior 
towards food during the day.  
On a final note, it might be meaningful to highlight that the increase in food approach 
bias can be caused by different underlying mechanisms. The general food approach bias is the 
difference between approaching and avoiding food, where we also eliminate the difference 
between approaching and avoiding objects. This means that an increase in food approach bias 
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means people can be faster to approach food, but also slower to approach objects, faster to 
avoid objects or slower to approach objects. The present study design is sensitive to all of 
these, but in our reasoning we only focused on the part where the increase in food approach 
bias is a matter of increased approach behavior towards food, caused by fluctuating self-
control.  Nevertheless, it actually can be any of these mechanisms, or a combination of them, 
that change during the day. Research shows that we often show avoidance behavior away 
from foods when we are on a diet and see food as a temptation (Fishbach & Shah. 2016), or 
when we are satiated (Kemps et al., 2013). This idea is supported by the argument that our 
evaluation of food depends on the context in which the food is presented or consumed 
(Feather et al., 1998; Zellner, Lankford, Ambrose & Locher, 2010). Some contexts or 
environments enhance approach behavior towards certain stimuli, while other environments, 
moments, or situations enhance avoidance behavior away from these stimuli (Corr, 2013; 
Wansink. 2004). For example, in western societies, we generally do not find meat and fish as 
attractive in the morning as we find it in the evening (Prescott & Bell, 1995). This probably 
makes us faster to avoid fish and meat dishes in the morning and faster to approach them in 
the evening. This raises the question whether we are either slower to avoid certain food by the 
end of the day, or faster to approach it. It would be interesting for subsequent research to find 
out the exact underlying mechanisms in approach and avoidance behavior towards food, as 
well as how this interaction changes with time and in different environments. This can give us 
a more comprehensive understanding of our reaction to food in the environment. 
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Conclusion 
In the modern, western society, we are constantly confronted with temptations that are 
difficult to resist. This, in combination with our evolutionary drive to approach food, makes it 
a challenge to consciously control our food intake. As a result, overweight and obesity are 
important clinical and public burdens in western societies today. The present study adds to a 
growing body of research on approach and avoidance behaviour in the food domain. By 
means of a newly developed method, the mobile AAT, we demonstrated a general approach 
bias towards food in daily life.  More specific, this approach bias seems to increase during the 
day. This has important practical implications for individuals and institutes that fight the 
obesity epidemic. It suggests that it is not necessarily only the attractiveness of food that is 
important, but it is also the time of the day that is crucial for people giving into their 
temptations or not. 
The present study is only the beginning of a new scope of possibilities and 
opportunities in the domain of approach tendencies towards food in the field, but insights can 
similarly be applied to other domains. For the well-being of public health, it is fundamental 
that research on this topic continues. In this way, we will achieve more comprehensive 
knowledge on the underlying constructs of self-control in food consumption and its daily 
struggles. This can be used for developing the right interventions to make it easier to resist 
temptations in daily life. This study is a little step, but every little step may help in eventually 
decreasing the problem of obesity worldwide. 
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Appendix A 
Overview of counterbalancing conditions 
 
 
Condition 1 Breakfast 
Lunch 
Dinner 
Hungry 
Hungry 
Not hungry 
Condition 2 Breakfast 
Lunch 
Dinner 
Not hungry 
Hungry 
Not hungry 
Condition 3 Breakfast 
Lunch 
Diner 
Hungry 
Not hungry 
Hungry 
Condition 4 Breakfast 
Lunch 
Dinner 
Not hungry 
Not hungry 
Hungry 
Condition 5 Lunch 
Dinner 
Breakfast 
Hungry 
Not hungry 
Hungry 
Condition 6 Lunch 
Dinner 
Breakfast 
Hungry 
Not hungry 
Not hungry 
Condition 7 Lunch 
Dinner 
Breakfast 
Not hungry 
Hungry 
Hungry 
Condition 8 Lunch 
Dinner  
Breakfast 
Not hungry 
Hungry 
Not hungry 
Condition 9 Dinner 
Breakfast 
Lunch 
Hungry 
Hungry 
Not hungry 
Condition 10 Dinner 
Breakfast 
Lunch 
Hungry 
Not hungry 
Not hungry 
Condition 11 Dinner 
Breakfast 
Lunch 
Not hungry 
Hungry 
Hungry 
Condition 12 Dinner 
Breakfast 
Lunch 
Not hungry 
Not hungry 
Hungry 
 
In all conditions, half of the people get congruent tasks, and the other half gets incongruent 
tasks first, making 24 counterbalanced groups.  
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Appendix B 
Screenshots of mobile AAT- app 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure B1. Home-screen of the app with completed introduction session.  
Figure B2. Game instructions in the introduction session.  
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Appendix C 
Histogram and Q-Q plot of inverted RT 
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Appendix D 
Overview table of the Mixed Model Regression results 
 
 
 
Source DF 
numerator 
DF 
denominator 
 F Sig. b 
Intercept 1 35  1261,04 ,000** 2.257e+00 
 
response* stimulus type 1 10223  53,88 ,000** 1.952e-01 
 
response * stimulus type* time of 
the day 
1 10223  6,77 ,009* 7.580e-02 
 
response * stimulus type* rating 1 10223  ,43 ,514 1.834e-02 
 
response * stimulus type* time of 
the day * rating 
1 10223  ,18 ,670 -1.653e-02 
 
Dependent variable: Inverted reaction time 
* p < .01; ** p < 0.001;  
 
 
 
 
 
 
 
 
 
 
 
